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Most immunohistochemical studies of S-100 protein have been focused on cells of the nervous system, and S-100 protein was also widely distributed in tissues and organs (22) . S-100 protein is a group of calcium-binding proteins in the same category as calmodulin, troponin C, parvalbumin, and intestinal calcium-binding protein. Biochemically and biologically, as well as evolutionally, S-100 protein might be involved in the interaction of calcium ions within the cells, and in cell regulation. As for immunohistochemically detectable S-100 protein in cartilage cells, special interest has been given to the cells in normal cartilage tissues and in chondroidal tumors (1, 3, 9, 14, 18, 19, 23) . In ossifying tissue originate from chondrocytes, chondrogenesis and matrix formation are the first important steps for bone formation.
Though it has already been accepted that periosteal bone formation can be induced and accelerated by electric stimulation, this induction is occasionally accompanied by cartilage tissue (5, 24). Also bone morphogenetic protein (BMP) implanted in muscle tissue specifically induced bone formation through chondrogenesis (8, 10, 11,
The author to whom proofs should be sent: Dr. Akihide Kamegai, Department of Oral and Maxillofacial Surgery, Asahi University School of Dentistry, 1851-1 Hozumi, Hozumi-cho, Motosu-gun, Gifu 501-02, Japan. 20). The present study was undertaken to examine S-100 protein expression in chondrocytes in electric callus and BMP-induced cartilage tissues. The biologic role of calcification in cartilage tissue is also discussed.
MATERIALS AND METHODS
Cartilage tissue used was induced experimentally by two different means; one was electric stimulation of rat tibial bone shaft, and the other was implantation of BMP in mouse thigh muscle tissue. The cathode electrode wire was placed circumferentially around the tibia outside the periosteum on the proximal side of the tibia, and the anode one on the distal side. The electric stimulation of the tibial periosteum was applied continuously until the rats were sacrificed on day 9 after electric stimulation. Preparation and Bioassay of Bovine BMP Immunohistochemical method for detection of S-100 protein: S-100 protein (polyclonal antiserum, Dakopatts, Denmark) was demonstrated using the peroxidaseantiperoxidase (PAP) method. Deparaffinization sections were treated with a methanol solution containing 0.3% H2O2 for 20 min to deactivate endogenous peroxidase. The sections were incubated with normal swine serum (1: 20, Dakopatts, Denmark) for 30 min, and then reacted with S-100 antiserum (1: 100) for 1 hr at room temperature. Then the slides were washed with phosphate-buffered saline (PBS) in three subsequent washing steps. The sections were next reacted with anti-rabbit IgG (1: 20, Dakopatts, Denmark) for 30 min, rinsed 3 times in PBS, and then reacted with peroxidase-rabbit antiperoxidase complexes (PAP, 1: 100, Dakopatts, Denmark) for 30 min and rinsed well. Finally they were immersed for 5 min in 0.05 M Tris buffer (pH 7.6) containing 0.05% 3-3' diaminobenzidine tetrahydrochloride (DAB) and 0.005% H2O2. Control test: Tissue sections were subjected to the same procedures as used above, except that the monoclonal antibody, was replaced with normal serum from nonimmunized mice. The results were negative.
Electric Callus Tissue
The antiserum used in the present study are known to crossreact with S-100 protein from man, rat and rabbit (26), bovine (12), monkey (2), and guinea pig (25). Positive control tissue for S-100 protein used was brain tissue of ICR mice and Wistar rats. Strongly positive staining was obtained in nerve and ganglion cells. Kamegai et al.
RESULTS

Chondroidal Tissue in Electric Callus
Chondroidal tissue was occasionally found beneath the periosteum and was accompanied by intramembranous ossification. The chondrocytes were located in the central area of the callus tissue, and were surrounded by calcified bone on day 9 specimens (Figs. 1A, B ). Chondrocytes, including proliferating and hypertrophic types, showed S-100 protein staining, while atrophic cartilage cells were unstained. S-100 protein-positive cartilage cells were stained in their cytoplasm and nuclei, but the chondroid matrix was negative (Fig. 1C ). Large and well-differentiated cartilage cells were located usually at the center of the chondroid foci, and peripheral parts of the foci were composed of small and proliferating type cells (Fig. 1A) or of degenerating tissue bearing chondroclastic giant cells in cartilaginous lacunae (Fig.  1C ).
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